Many chronic pain conditions including complex regional pain syndrome are exacerbated by sympathetic activity. In animal models, sympathetic fibers sprout into the dorsal root ganglia (DRG) after peripheral nerve injury, forming abnormal connections with sensory neurons. However, functional studies of sympathetic-sensory connections have been limited largely to in vivo studies. This study describes a new method for studying sympathetic-sensory connections in an isolated whole DRG preparation in the rat spinal nerve ligation (SNL) model. Three days after ligation of the ventral ramus of the spinal nerve (SNL), sympathetic fibers sprouting into the DRG were observed to originate largely in the intact dorsal ramus of the spinal nerve, which at the lumbar level is a small branch of the spinal nerve separating from the ventral ramus near the intervertebral foramen. In whole DRG isolated 3 days after SNL, microelectrode recordings of sensory neurons showed that repeated stimulation of the dorsal ramus enhanced spontaneous activity in large and medium diameter neurons and reduced rheobase in large neurons. These effects, which were slow and long lasting, were attributed to stimulation of the sympathetic sprouts because: stimulation had no effect in uninjured DRG; and effects could be reduced or eliminated by a ''cocktail" of antagonists of norepinephrine and ATP receptors, by pretreatment with the sympathetic release blocker bretylium, or by pre-cutting the grey ramus through which sympathetic fibers coursed to the ligated DRG. The latter treatment, a relatively minimal form of sympathectomy, was also highly effective in reducing mechanical pain ipsilateral to the SNL. Ó
Introduction
Normally, the sensory neurons in the dorsal root ganglia (DRG) are not directly innervated by the sympathetic nervous system. In normal DRG sympathetic fibers are associated only with blood vessels. McLachlan et al. first described abnormal sprouting of sympathetic fibers into the DRG after sciatic nerve transection [34] . Subsequent studies have shown that such sprouting occurs in many animal pain models [13, 29, 38, 42] . This may include the formation of dramatic ''basket" formations in which sympathetic fibers form a dense plexus around individual somas (particularly of large diameter cells) and/or an increase in overall sympathetic fiber density in the cellular region of the DRG. Basket structures have also been observed in DRG from human neuropathic pain patients [46] . Sympathetic fibers in the DRG originate in the grey ramus, which enters the spinal nerve close to each DRG [12, 42, 46] . Sprouting may occur from the fibers that are already present in the DRG and normally innervate the blood vessels, or as newly ingrowing collateral fibers from other more distal sympathetic fibers. Sprouting occurs around both intact and axotomized cells [32] , and can also occur rapidly in the absence of any axotomy, if the DRG is locally inflamed [58] or compressed [11] .
The discovery of sympathetic sprouting in the DRG generated much excitement because it provided a possible explanation for clinical syndromes of sympathetically maintained pain. Many chronic pain conditions such as complex regional pain syndrome (CRPS) have long been known to be maintained or exacerbated by sympathetic activity in some patients, especially at earlier stages, and to respond to various methods of reducing sympathetic input [2, 45] . However, preclinical studies in this field have yielded sometimes conflicting results on the behavioral importance of the sympathetic-sensory connections. Many but not all behavioral studies have shown that various forms of sympathectomy reduce or eliminate mechanical or thermal pain behaviors in rodents (see Table 1 
